Purpose Nasopharyngeal cancer (NPC) is the most common head and neck cancer in Saudi Arabia. This study reports the locoregional disease control and survival outcomes in patients with NPC treated in King Abdulaziz University Hospital.
INTRODUCTION
Nasopharyngeal cancer (NPC) is a disease with a variable universal distribution geographically and racially. It is considered a rare human malignancy in white races in North America and Europe, with an incidence of one per 100,000 population per year, 1 whereas it reaches a peak incidence rate of around 20 per 100,000 person-years in China and South Korea. 2 Evidence suggests that NPC is a unique disease in terms of its risk factors and biologic association with the Epstein-Barr Virus (EBV) and its sensitivity to chemotherapy and radiotherapy (RT). 2 In Saudi Arabia, NPC ranks first (35%) among all head and neck cancers and 17th (2.9%) among all cancers, 3 with male predominance (2:1).
Regardless of race and geography, the most common form of nasopharyngeal cancers arises from the epithelial cells lining the nasopharynx, which constitute 75% to 95% of all the cases diagnosed. Nonkeratinizing type (WHO III) is the most common type in Saudi Arabia, predominantly in the younger age population, mimicking China and South Korea in the histopathologic type and distribution. 4 Despite the importance of this topic in our region, there remains a paucity of evidence on the characteristics and outcome of this disease in the Middle East. [5] [6] [7] [8] [9] [10] [11] Debate continues about whether the features of this disease are comparable to those of Western or Asian studies.
The purpose of this study is to explore our experience in NPC management in King Abdulaziz University Hospital from 2008 to 2014. The observed outcomes were overall survival (OS) and locoregional control (LRC), defined from the end of treatment until death for any reason or local recurrence time, respectively.
METHODS
We retrospectively reviewed adult patients diagnosed with NPC and treated at King Abdulaziz University Hospital in Jeddah, Saudi Arabia between May 2007 and December 2014. Pediatric patients were excluded from the study. Staging of the disease was stated according to the Cancer Staging Manual by the American Joint Committee on Cancer, sixth edition. 12 All the patients had a confirmed pathologic diagnosis in our center. Computed tomography (CT) and/or magnetic resonance imaging (MRI), depending on the treating physician, were used to assess radiologic staging for the primary disease and to rule out or in metastasis. Follow-up CT scans and/or MRI were performed a month after the completion of three cycles of neoadjuvant chemotherapy (NACT) and a month after the completion of concurrent chemoradiotherapy (CCRT) for response assessment. Patients were seen before each NACT cycle and at least three times while receiving CCRT. Responders were followed up with CT scans and/or MRI as per consensus guidelines, thereafter.
Chemotherapy
In our center we used the neoadjuvant or induction chemotherapy (IC) protocol, consisting of taxane, platinum, and fluorouracil for three consecutive cycles separated by 3 weeks, followed by cisplatin as radio-sensitizer, given concurrently, either 100 mg/m 2 every 3 weeks or 30 mg/m 2 weekly.
Radiotherapy
The Radiation Therapy Oncology Group atlas was followed for target volume contouring. 13 Gross primary and nodal tumors were contoured as gross tumor volume (GTV) on the basis of clinical findings and CT/MRI imaging that was performed before the neoadjuvant chemotherapy. Clinical target volume consisted of computer-generated 1-cm isotropic expansion around each gross tumor volume, respecting anatomic barriers, and included all nodal groups with a greater than 10% to 15% risk of containing subclinical disease (all the neck nodes bilaterally).
14 Planning target volume was constructed by an automated 0.3-to 0.5-cm expansion of the clinical target volume surfaces, to account for setup error and daily uncertainty. Patients were positioned for simulation using customized thermoplastic mask. CT scans with intravenous contrast were used for treatment planning. Both intensity-modulated RT and threedimensional conformal RT were used for treatment technique. Dose limits for the critical tissue structures and plan evaluation were followed as defined by the Radiation Therapy Oncology Group 0225. 15 
Statistical Analysis
Patients' demographic and clinical characteristics, such as age at the time of diagnosis, sex, stage, and treatment data, were collected and analyzed (Table 1) .
Local control of the disease was determined from the day of treatment completion to the last documented clinic visit without recurrence. The same starting point was used for OS and disease-free survival (DFS).
For patients receiving definitive treatment, the correlation between disease control and patient characteristics and between disease control and treatment data (RT dose, time from diagnosis to treatment initiation) was assessed by logistic regression, using IBM SPSS statistic software version 20. A P , .05 was considered significant.
Cumulative survival and disease control rates were calculated by Kaplan-Meier product-limit actuarial method. Data censoring occurred in February 2015.
RESULTS
Thirty-nine patients with NPC were reviewed. Thirty-five (90%) patients received definitive treatment, and only four (10%) received palliative treatment. Among the patients who received definitive treatments, 31 patients (86%) were treated with chemotherapy and radiation subdivided by the chemotherapy setting as follow: 15 patients received NACT followed by CCRT, 14 patients received only CCRT, and two patients had NACT followed by RT alone.
Mean prescribed dose for definitive treatments was 68 Gy (range, 60 to 70.2 Gy), delivered with mean doses per fraction of 1.9 Gy (range, 1.8 to 2.1 Gy). The median time between diagnosis and RT initiation was 4 months (range, 0 to 7 months).
Disease Control and Survival
After a median follow-up of 15 months (range, 1 to 84 months), 22 (63%) patients who underwent definitive RT with or without chemotherapy were free of disease, and 13 (37%) were with disease. During this period, seven (18%) patients died of the disease; out of these, five (13%) received definitive RT ( Table 2 ).
The 2-year actuarial rates of local control, regional nodal control, and distant control were: 85.7%, 91.4%, and 85.7%, respectively (Fig 1) .
A statistically significant correlation was demonstrated between local control and radiation dose (R 2 = 0.12; P = .041) but not for regional (P = .486) and distant control (P = .151). The use of chemotherapy was significantly associated with distant (P = .023) and regional (P = .043) control but not with local control (P = .097).
The median time from diagnosis to treatment initiation for disease-free patients was 2 months (range, 0 to 6 months), and for those who relapsed it was 4 months (range, 1 to 7 months). The time between diagnosis and treatment initiation showed a statistically significant relation with local control (R 2 = 0.16; P = .039) but not with regional (P = .075) and distant control (P = .369).
Pattern of Failure
From a total of 35 patients receiving definitive RT, 13 (37%) developed disease recurrence during follow-up: six (17%) had local recurrence, three (8%) had regional recurrence, two (5%) had both local and regional recurrences, and six (17%) had distant relapse.
No statistically significant correlation was found between patients' demographic and clinical characteristics and disease control. Patients with stage T1 to T2 disease had lower rates of local failure than those with stage T3 to T4 (20% v 23%; P = .207) but were not statistically significant. Freedom from distant metastasis was only significantly affected by patient age (P = .016).
The 2-year OS and DFS actuarial rates were 85.7% and 68.6%, respectively (Fig 2) . The use of chemotherapy did not show statistical significant influence on either OS (P = .286) or DFS (P = .211). 
DISCUSSION
This study reports the outcomes of patients with cancer of the nasopharynx who were treated in King Abdulaziz University Hospital, Jeddah, Saudi Arabia between the years 2007 and 2014. Patients in our center were treated with definitive RT with or without chemotherapy. Although adjuvant chemotherapy is considered the standard of care after the treatment with CCRT, 16 the administration of adjuvant chemotherapy in our center was limited because of poor patient compliance. Alternatively, we used NACT with taxane, platinum, and fluorouracil followed by CCRT, 10 which in our experience offered the patients a rapid clinical improvement and allowed a more conservative RT planning that spares critical structures such as chiasm, optic nerves, and brain stem. Selecting patients for NACT was based on the treating medical and radiation oncologists' preference, but overall patients with nodal disease received NACT regardless of the tumor extent.
The actuarial rates of locoregional control (80%) and OS (85.7%) were comparable to those reported in the literature, and these results further support the neoadjuvant treatment method for NPC. 10 The addition of chemotherapy did not influence the rates of local control but decreased distant recurrence. However, the improved distant control rates with the addition of chemotherapy did not translate into OS or DSF difference. In a phase III trial from China, CCRT proved its advantage on local and distant control, 17 whereas the benefit of adding adjuvant and neoadjuvant chemotherapy to the CCRT is still not well established. 18, 19 The majority of patients in both trials had undifferentiated NPC, which is similar to what is reported in our cohort.
We observed a trend toward improved overall survival with chemotherapy, but statistical significance was not attained. This could be attributed to several confounding factors, which include the small number of patients, the short follow-up period, and the underutilization of chemotherapy during the early years of this study. This is in addition to the insufficient understanding of the natural history of this cancer in this region of the world. We acknowledge that our study represents a single institute experience with limited generalizability, but it certainly adds to the evidence that supports the neoadjuvant approach for treating NPC in countries where disparities in cancer treatments are a recognizable issue.
The molecular basis of undifferentiated NPC is still an active area of ongoing investigation.
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Recently, a local study was done to investigate the molecular evidence of this disease in which biopsies were obtained from 25 patients in Saudi Arabia 20 with NPC and were examined for the presence of EBV DNA and for the frequency of p53 mutations. Results showed that despite a high association of EBV infection in the Saudi patients with NPC, the frequency of p53 mutations was low, which makes the results consistent with the worldwide observation of infrequent p53 mutations in NPC. Despite the promising results in such a chemotherapy-and radiotherapy-sensitive disease that is routinely treated with high-dose radiation, questions remain as to why there are still local control failures. A recent study with similar NPC pathology from China showed that the local failure remains the most common site of failure despite high-dose RT coupled with conformal and precise techniques. 21 Further studies, which take these variables into account, will need to be undertaken to answer this question to help recognize and select more effective treatment modalities. A future study is in process involving retrieving pathologic material that will be used for specific virologic and genetic molecular biomarkers to investigate their contribution to the initiation and progression of NPC in this region.
In Saudi Arabia, NPC is the most common head and neck malignancy. Undifferentiated, nonkeratinizing squamous cell carcinoma subtype accounts for the majority of cases. The current study showed a disease with clinical behavior similar to what has been observed in East and Southeast Asia. Our study further supports the neoadjuvant chemotherapy methodology in treating NPC with results that are comparable to the literature. However, little is known about the molecular pathogenesis of this disease in this region, and further research integrating clinical and molecular biomarkers is required. Survival for all patients (n = 39). DFS, diseasefree survival; OS, overall survival.
